Diffraction:

Diffraction isthe divergence of light from itsinitial line of
travel.

Diffraction from asingle slit (Fraunhofer diffraction):
1) Central maximum, with maxima and minima on each side.
2) Dark and bright fringes on each side.

Destructive interference (a dark fringe) occurs if
y/L=sing=ml /a

where m=+1, +2, +3, €tc.
(assuming y, X, a<<L)




| ntensity of the single-glit pattern

The path difference between therays1and 2 is
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where we have expanded the squareroot +/1+e =1+€ 5 and kept only

linear termsin %

This path difference leads to a phase difference Dj = kxsinJ .

The (horizontal component of the) electric field at point P duetoray 1
is Ex(x)= E,coq(Dj ). According to the superposition principle, we
need to add the electric fields of all rays that come from the dlit, i.e.,

a/2 a/2
E. = CPXE, cos(kxst)— sm(kxst)< =
a2 ksind 22

aé<aS|nJ o
Sing
kan 2 &
This gives usthe total electric field at point P.




The intensity is proportional to the square of the electric field.
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Diffraction Grating:

A diffraction grating consists of many slits with slit spacing d.
According to Huygen'’s principle, each dlit produces a wavelet
(diffraction). The wavelets produce an interference pattern.

For maximum intensity of the diffracted light (constructive
interference), the waves from all slits need to be in phase.

Therefore, the condition for amaximum is
dsing=ml ,

where mis an integer. We will observe a zero-order maximum
In the center and a series of maxima and minima on each side.

Application: Monochromators or Spectrometers produce
monochromatic light by selecting a single wavelength out of a
continuum of wavelengths.

Resolving Power of a Diffraction Grating:

The resolving power of agrating or prism tells usif two nearly
equal wavelengths| 1 and | , can be distinguished (resolved).

The needed resolving powerisR:“ II \:[I)I :
1~ 12

For adiffraction grating, the resolving power in m-th order is
R=Nm, where N is the number of groovesin the grating
Illuminated by the light source.



Polarized L ight:

If an EM wave is travelling along the z-axis, then the electric field
vector can either point along the x- or y-axis. (The magnetic field
vector is fixed, once the direction of the electric field is known.) The
direction of the electric field vector is called the plane of polarization.

Normally, light isunpolarized. The electric field is oriented randomly
in the xy-plane, i.e., many different EM waves with different
polarizations contribute to naturally occuring light.

Polarized light can be produced in three different ways.

Polarization by absor ption:
A polarizer has atransmission axis. Light polarized along this axisis
transmitted, light polarized perpendicular to this axisis rejected.

If unpolarized light hits the polarizer, 50% of the intensity is
transmitted. If polarized light hits the polarizer and the angle between
the direction of polarization of the incident beam and the axis of

transmission is g, then the transmitted intensity is | =l ocoszq.

Polarization by reflection:

At the Brewster angle gp, the reflected beam is polarized in the plane
of incidence (p-polarized) and the refracted beam is polarized
perpendicular to the plane of incidence (s-polarized). The plane of
incidence is formed by the incident beam and the surface normal. The

Brewster angleis given by tanqgp=n.

Polarization by scattering:
See Figure 28.26 in Serway’ s book.




